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2UX coKpat^enuu cm. «IIojicHeHUH k KodoM u cotq?aufeHtiaM», 
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(54) Title: METHOD FOR MODIFYING GENETIC CHARACTERISTICS OF AN ORGANISM 
^ (54) HaseaHHe H3o6peTeHHH: CHOCOB HSMEHEHHil FEHETIMECKHX CBOHCTB OPFAHHSMA 

(57) Abstract: The invention relates to the field of molecular biology, molecular genetics, and biotechnology and can be used 
2 for purposes of genotherapy as well as in agriculture, industrial biotechnology for-gene specific silencing of genes whose 
<^ expression promotes the development of different diseases and infringes upon a process for producing a required product. The 
f<| invention proposes a method for modifying the genetic characteristics of organisms by means of RNA interference resulting in 
^ the gene-specific silencing of the selected gene with the aid of RNA molecules. The molecules are synthesised in vitro using the 
^ RNA molecules which are complementary in a parallel direction with (pcRNA) mRNA of the selected gene which are 
® synthesised in vivo or in vitro on an artificial sequences of DNA which possesses a mirror-symmetrical sequence of nucleotides 
^ in respect to the sequence of the gene nucleotides. The invention provides a general approach to the modification of the genetic 

characteristics of an organism based on the biological characteristics of mirror-inverses of the nucleotide sequences being 
^ achieved through RNA-interference which brings about gene-specific silencing. 



[IlpoAOJiMceHHe Ha cjica. cxpanMue] 
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H3o6peTeHHe othochtcji k oGjiacxH MOJieKyjiapHOH 5H0JiorHH, MOJieKyjiapnoH 
reHexHKe h 6HOTexHOJiorHH h MOJKex Gmtb HcnojiLSOBano ucjich reHOxepanHH b 
Me^HOHHe, a xaioKe b cenbCKOM xosaHcxse h b npoMbiuiJieHHofi 6HOxexHOJiorHH jiJifi ren- 
cneixH4)HHecKoro caHJiencHHra xex renoB, sKcnpeccita Koxoptix cnoco6cxByex pasBHXHio 
xex HJiH HHMX 3a6oJieBaHHH HJiH Hapymaex npoiiecc Hapa6oxKH Heo6xoAHMoro ^po;^yKxa. 

npej[iJio3KeH cnoco6 HSMeneHiui renexKHecKHX cbohcxb opraHHSMOB nyrcM PHK- 
HHxep4)epeHUHn, npHBOflflmen k reH-cnemi4>ii^ecK0My cafijieHCHHry BuGpaHHoro rena c 
noMombK) MOJieKyji PHK, CHHxesHpoBaHHtix in vitro, npH 3X0M Hcnojitsyiox MOJieKynbi 
PHK, KOMiuieMeHxapHBie b napanjiejiBHOM HanpaBJienHH (rkPHK) mPHK BLi6paHHoro 
rena, Koxopbie CHHxesiipyiox in vivo hjih in vitro Ha HCKyccxBeHHoii nocjie^iOBaxejiLHOCXH 
JJflK, HMeiomei! sepKajibHO-CHMMexpuHHyio nocjieflosaxejibHocxb HyKJieoTH;iOB no 
oTHoiiieHHK) K nocjieflOBaxcjibHocxH HyKJieoxH^iOB rena. 

H3o6pexeHHeM npeOToacen o6mHH noAxofl k HSMeneHHio renexMHecKHx cbohcxb 
opraHH3Ma, ocHOBaHHbm Ha OHOJiormecKHx cBOHCXBax sepKajibHbix hhbcpchh 
HyKJieoxH/iHbix nocjie;iOBaxejibHOCxeH h peajiHsyiomHHCH b PHK-HHxep{i)epeHUHH, 
npHBO^x^mefi k reH-cneuH4)HHecK0My caHneHCHHry. 
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Cnoco6 H3MeHeHHH reneTMHecKHX cbohctb opraHH3Ma 



06jiacTb TexHMKM 

H3o6peTeHHe othochtch k o6jiacTH MoneKyrapHOH 6HOJiorHH, MOneKyjiapHoii 
5 reneTHKe h GHOTexHonoraH h mo^ct 6i>itl HcnojiLSOBano i^enefi reHOxepanHH b 
MeaHi^HHe, a xaioKe b cejiLCKOM xos^ficxBe h b npoMtiuiJieHHOH GHOxexHonoraH jin^ fch- 
cnei|H(J)HHecKoro cafineHCHHra xex renoB, 3KcnpeccH5i Koxopbix cnocoScxByex pa3BHXHio 
xex HHH HHBix 3a6oJieBaHHH HJiH Hapymaex npoqecc Hapa6oxKH HeoGxo^HMoro npoj^yKxa. 

10 YpOBeHb TeXHHKH 

HsBecxHH pa3HBie cnocoGti HSMeHCHiDi renexMHecKHx cbohctb opraHHSMa. Ojihh 
H3 HHX npeanojiaraiOT noBpeacaeHHe caMoro rena. K hx HHCJiy othochtc^ xaK 
HasfciBaeMLiH "HOKayr" renoB. 3th no^xo/ifci npeOTOJiaraiox BHeceHHC noBpe^KjieHHH 
(MyxaiiHH) B BBi6paHHOM rene b KJiCTKax aapojiwineBoro nyxH hjih b ctbojiobbix KncTKax h 
15 no3TOMy jianeKO He Bceraa Moryx HcnojibsoBaxBca jui^i HSMeneHHJj cbohctb pasBHBmerocH 
opraHHSMa [L.V. Varga, S. Toth, L Novak, A. Falus, Immimol. Lett., 1999, vol. 69, p. 217; 
J. Osada, N. Maeda, Methods Mol. Biol., 1998, vol.110, p. 79]. 

B nocjie^HHe ro^ibi BbiBMBaex noBbmieHHWH Hnrepec ^pyroii no;5xo;i k HSMeneHHio 
reHeTH^ecKHx cbohctb oprannsMa - HcnojitsoBaHHe PHK-HHTep4)epeH^HH, ^pHBOJ^HI^eH k 
20 reH-cneuH4)HHecK0My caHnencHHry, npn KoxopoM ren He noBpe^K^^aexc^i, a HSMeH^excH 
ero peryjiKi;H5i [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p. 139]. PHK-HHTep(J)epeHUH)i MO^ex 
HcnojiBSOBaxbc^ jxjih reH-cnei];H(J)HHecKoro canneHCHHra na Jiioobix CTajxu^x pasBHXHH, b 

TOM HHCire H H3MeHeHHi! CBOHCXB B3p0CJI0r0 OpraHH3Ma. IIOBbimeHHOe BHHMaHHe K 

25 HccjieflOBaHHHM PHK-HHxep(|)epeHij;HH CBHsano c xeM, hxo ohm hosbojihjih cjiynaMHo 
o6Hapy3KHXb panee HeHssecTHbie ^^peBHHe MexaHH3Mbi reHHoii pe^yJIa^HH. 

OH3HOJIOrHHeCKaH pOJIb 3THX MexaHHSMOB MO>KeT SaKJIIOHaTbCa B HSMenenHH B JIOKaJIbHblX 

crpyKTypax xpoMOCOM, bo bjihkhhh na axTHBHOCxb xpaHCKpHnnHH, na npoueccHHr mPHK, 
ee xpaHcnopT b ixHTonjiasMy h na ee CTaGnjibHocTb. 
30 K HacTO)imeMy BpeMeHH PHK-HHTep4)epeHUH^, npHBO^amaH k ren- 

cneuH4)HHecKOMy caiiJieHCHHry, onHcana aa pasnnnnbix opraHH3Max - HeMaTO^e, 
apo3o4)HJie, rpnGax, pacTeHHHx. 
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HsBecTeH cnoco6 HSMenenHH reHCTHHecKHX cbohctb oprannsMa, ocHOBaHHMH na 
PHK-HHTep4)epeHi(HH c HcnojiL30BaHHeM am 3toh i^ejiH aHXHCMBicjioBofi PHK (acPHK), 
KOTOpaa KOMnjieMeHxapHa b aHTHnapanjienBHOM HanpaBJieHHH mPHK BLi6paHHoro rena, 
CHHxesHpyexcH in vitro h bbojihxc^ b opraHH3M [A. Fire, S-Q. Xu, M.K. Montgomery, S.V. 
5 Kostas, S.E. Driver, C.C. Mello, Nature, 1998, vol. 391, p. 806]. 

OnHcaHHbiH cnoco6 ocymecxBJiaiox cjie^yioiiiHM o6pa30M: 

1. Bbi6HpaK)x rcH, aKTHBHOCXb Koxoporo He:aceJiaxejibHa; 

2. roTOBiTx reHexHHecKyio KOHCxpyKUHio, b KOXopoH ^laHHbiH reH hjih 
cooxBexcTByiomaH cMy k^HK 

10 (nocjie;ioBaxejibHOCTb5 cooxBeTCXByiomaH mPHK), x.e. npHpoOTaa AHK, 
opHeHXHpoBaHa b npoxHBonojioacHOM HanpasjienHH h naxoAHxca nojx KOHxpojieM 
HyacHoro npoMOXopa. 3xhm oGecneHHsaexcfl xpaHCKpnniXHH HesHanameH i^enH rena. 
fljM nojiyHeHHH KOHCxpyKaHH Hcnojibsyiox pa3Hoo6pa3HMe BCKXcpBi, Koxopbie Moryx 
coAep^caxL nocjieflOBaxejibHocxH AHK, Barbie ceJ3eK^HH xpaHc4)opMaHxa, ot« 

15 3c^4>eKXHBHOH 3KcnpeccHH nepeBepHyxoro rena h ajm "npasHJibHoro BmcbisaHHa" 

KOHCXpyKHiHH B XpOMOCOMHWe AOMeHbi; 

3. Ha nojiyqeHHOH KOHCxpyKipiH in vitro CHHxesHpyiox h bbojvix b opraHHSM acPHK c 
noMombK) pasHbix Mexo^OB (sjieKxponopaiiHa, HHbeicLiHH, per os). 

CymecxBeHHbiM HCAocxaxKOM 3xoro cnoco6a HSMeneHHa renexMHecKHX cbohcxb 
20 opraHH3Ma c noMombio PHK-HHxep4)epeHiiHH hbuhcxch xo, hxo npH HcnojibsOBaHHH 
KOHcxpyiaiHH, npeOTasHaHCHHbix jxji^ CHHxesa acPHK b pesyjibxaxe nepecxpoeK Mo^ex 
npoH30HXH pcBepcM, x.e. npeKpaxHXca SKcnpeccna acPHK h HaHHexca CHHxe3 
nocjiej^oBaxejibHOCXH cooxBexcxByKDmew uenH mPHK. T.e. bmccxo uojiaBjicHna. 
aKXHBHOCXH Bbi6paHHoro reHa mo^o nojiynnxb ero aKXHBHpoBaHHe. Chhxcs itenn mPHK 
25 Moacex xaicace nanaxbCK H3-3a xoro, hxo b Mecxe HHcepiiHH KOHCxpyiciiHH Moryx OKasaxbCH 
nocjie^toBaxejibHocxH xosHHHa, HMdomne npoMoxopHyio aKXHBHocxb b i^enw, 
cooxBexcxByiomeH qeim mPHK. BepojixHocxb xaKHX co6bixHH BbicoKa. 

HaH6ojiee ^eMOHCxpaxHBHO BbicoKaa BepoaxHOCXb pcBepcHii noATBepac^ena 
pa5oxaMH c xpaHcreHHbiMH opranHSMaMH. KoHCxpyio^HH npn 3xom BBOAHJiHCb c 
30 npoxHBonojio»cHOH xxejibio - AoOnxbca 6oJibmeH aKXHBHOcxH KaKoro-nH6o rcHa. OflnaKo, 
pcBepcHH B pesyjibxaxe cnoHxaHHoro aKXHBHpoBaHHH xpancKpHni^HH c 
npoxHBonojio^HOH qenn npoBOAHJiH He k yBejinneHHio aKXHBHOcxH rena, a k nojiHOMy ee 
npAaBJieHHK), x.e. k reH-cneaH4)HHecKOMy cafineHCHHry b pesyjibxaxe PHK- 
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HHTep(J)epeHUHH [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.l39]. 



CymHOCTb M306peTeHHH 

5 TlpQjxJioyKQH cnocoo n3MeHeHH)i reneTHHecKHX cbohctb oprannsMa nyreM PHK- 

HHTep(|)epeHUHH, npHBO^^meg k reH-cneiXH(|)HHecKOMy caftjieHCHHry BM6paHHoro rena c 
noMombK) MOJieKyji PHK, cHHxesHpoBaHHMX in vitro, BKJiiOHaiomHH HcnojiLSosaHHc 
MOJiCKyji PHK, KOMnneMCHTapHbix b napajiJiejibHOM HanpaBneHHH (nKPHK) mPHK 
BBi5paHHoro rena, npH 3tom hkPHK cHHxeaHpyiOT in vivo hjih in vitro Ha HCKyccxBCHHOH 
10 nocJie^^OBaxejiBHOCTH JJflK, HMeiomeS aepKanBHO-CHMMexpHHHyio nocjieflOBaxejitHOCXB 
HyKJieoximoB (sepKajiLHan HHsepcHJi) no oxHomcHHio k nocjiejioBaxejiLHOCXH 
HyKJieoxH;ioB rena. 

nepeneHb 4>Hryp 

15 Ohf. 1 npHBo^iHx aaHHBie o cxpyKxype JlJIK-KOHcxpyia^HH, cojiep^aiqeH 

sepKajiBHyio nocJieAOBaxejiLHOcxt HyBCJIeoxH;^OB oxHocHxenBHO rena Ion E. coli h 
npeOTaaHaHCHHOH j^isl SKcnpeccHH mcPHK, vjxe: 

a - BsaHMooxHomeHHJi nocjieAOBaxentHOCxeH HyKJieoxHz?OB rena Ion h 
HCKyccxBeHHOH xHMOTecKH cHHxesHpoBaHHOH nocjie^OBaxejiBHOCXH ^(HK, 3epKaJTBH0- 
20 cHMMexpKHHOH oxHocHxejiBHo TCHa (+ ijenH cooxBexcTByiox nocjie;iOBaTejii>HOCXHM 
okPHK parlon h mPHK); cHHxesnpoBaHHaH J^iK b KOHCxpyioxHH HaxoOTXca no;i 
KOHxpojieM npoMOXopa lac, oGecneHHBaiomHM 3KcnpeccHK) hkPHK parlon; 
6 - BsaHMOOXHomeHH^ Meay^y mPHK rena Ion h hkPHK parlon; 
b - rcHH B lux-peryjione: npoMOXopti pr h pl b lux-perynone pa5oxaK)x na pasHBix 
25 nenax, renbi noKasanbi CBexuLiMH np)iMoyronbHHKaMH; Lon 6eJioK ;ierpa^^Hpyex npo;iyKx 
rena R, aKXHBHpyiomHH pl h, xeM caMBiM, npenaxcxByex pa6oxe renoB, oOecneHHBaionzHX 
jnoMHHecuemiHK). 

Ohf. 2 noKasBiBaex peayjiBxaxBi jnoMHHeci^eHitHH kjicxok E. coli, Koxopa^ 
Haomoflaexoi npH caiineHCHHre rena lon b pesyjiBxaxe 3KcnpeccHH (parlon), r^e: 
30 Lux-peryjiOH Vibrio fischeri 6biji BBC^ieH b lon"^ hjih lon" kjicxkh E. coli. B 

nojiyHeHHBie lon"^ kjicxkh jionojiHHxejiBHO nopo3HB bbo^JIH xaK3ce KOHCxpyKiiHio, 
C03;iaHHyK) na ocHOBe BCKXopa pUC12, cnoco6Hyio 3KcnpeccHpoBaxB hkPHK parlon hjih 
HcxoOTyio luiasMH^^y pUC12, ne cojiepjKamyio BcxaBKH. IXoKaaana saBHCHMOcxB 
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HHTeHCHBHOCTH jiioMHHecueHmiH cycneH3HH KJiexoK, onpejiiejiJieMaa c noMoinbio 

JHOMHHOMCTpa (□¥), OT OnTHHCCKOH nJlOTHOCTH (OD550). CafijieHCHHr rCHa Ion BW3MBaeT 

CBeneHHe TpaHC^opManxoB, coAep^KamHx KOHCxpyKUHio parlon. 

Onr. 3 npeACxaBJiiieT jiaHHue o cxpyKxype ^^HK-KOHcxpyKUHH, coAep:^ameH 
5 sepKajiBHyio nocjie^noBaxejiBHOCXb HyxjieoTH^iOB oxHOCHxenbHO rena Kruppel apo3o4)hjili 
H npeOTaaHaneHHOH jxsisi 3KcnpeccHH hkPHK (Kr-par), tjx^\ 

a - BsaHMOoxHomeHHa nocjie^^OBaxejitHocxefi HyicjieoxHziOB rena Kr h 

HCKyCCXSeHHOH XHMHHeCKH CHHXeSHpOBaHHOH nOCJieAOBaXCJIbHOCXH ^l^HK, sepKajiBHO- 

CHMMexpMHHOM oxHOCHxeJibHO rcHa (+ qenH cooxBercxByiox nocjie;?OBaxejiBHOcxaM 
10 rkPHK Kr-par h mPHK); CHHxesHpoBaHHafl b KOHCxpyKUHH naxoflirrcH nojx 

KOHxpojieM npoMoxopa PHK nojiHMcpasM T7, o6ecneHHBaK)mHM 3KcnpeccHK) hkPHK Kr- 
par (cHHxes no Apyroii uenn KOHCxpyKiiHH b seKxope pGEM-1 o6ecne™Baexcii 
npoMOxopoM PHK nojiHMCpasM SP6); 

6 - B3aHMOOXHomeHHH Meamy mPHK rena Kr h hkPHK Kr-par; 
15 Ohf. 4 noKasMBaex (|)eHOXHni>i HopMajibHofi hhhhhkh flpo3o4)HJH>i h 4)eHOKonHH 

Kr, noJiy^eHHbix nocjie HHteioiHH hkPHK Kr-par, rae: 

a - <|)eHOXHnM HopMajibHoS jihhhhkh ;^po30(^njiBi, 

6 - (|)eHOXHni>i jihhhhkh, passHBineHca h3 3m6phohob, HH•be^HpoBaHHBTx PHK Kr- 
par, HMeioniKx ^lenei^HH xopaKantHUx cerMCHxoB, a xaic^ce OJ^HO^o nepCOTcro 
20 a6flOMHHajiLHoro cexMCHxa, 

B - 4)eH0XHnBI HHHHHKH, paSBHBmeHCH H3 3M6pHOHOB, KHbeiZHpOBaHKBIX PHK Kx- 

par, HMeioiuHx ^^eneuHH xopaKaJiLHBix cerMCHxoB, a xaiOKe xpex nepejiHHX 
a6;i;0MHHanBHBix cerMeHXOB. 

CxpejiKa yKasbiBaex axonHHecKH pasBUBUieecH ;iBixajibue, xaicace xapaKxepnoe 
25 4>eHOXHna Kr. 

PaCKpblTHe CyiOHOCTH H306peTeHHfl 

B ocHOBy npeOTaracMoro H3o6pexeHHJi nono^Kena sajxsi^a, noBtinieHM naj^excHOCXH 
PHK-HHxep4)epeHmiH, npH Koxopofi 5bniH 6hi HeB03M03KHLi peBepcHH, ^pHBo;^£I^He k 
30 cHHxesy ^e^H mPHK na K0HCxpyK^I^ax, hcxo^ho npe;5Ha3HaHeHHbix jijui ren- 
cnei^H(J)HHeKoro caHJiencHHra. 

npe^Jioxcen cnoco6 HSMeHenHfl renexKHecKHX cbohcxb opraHHSMa nyxeM PHK- 
HHxep4)epeHOTH, npHBOAamen k ^eH-c^e^H4)HHecK0My cafcieHCHHry BtiGpaHHoro rena c 
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noMombK) MOJieKyji PHK, CHHTesHpOBaHHtix in vitro, npn 3tom HcnoJibsyBDT MOueKyjiH 
PHK, KOMnjieMeHxapHBie b napajiJiejibHOM HanpaBJieHHH (nKPHK) mPHK Bbi6paHHoro 
rena, Koxoptie cHHxesHpyiOT in vivo huh in vitro na HCKyccTBeHHott nocjie^zoBaxejiLHOCTH 
^HK, HMeiomeH aepKajiBHO-CHMMeTpHHHyio nocjieAOBaxejitHocxb nyKJieoxH^oB no 
OTHomeHHio K nocne^^OBaxeJibHOCXH HyKJieoxH^oB rena. 

npeflJiaraeMbiH cnoco6 npHBo;iHx k 34>4)eKXHBHOH PHK-HHxep4)epeHi^HH h ren- 
cneuH4)HHecKOMy caHJiencHHry h HCKJiiOHaex chhtcs mPHK, x.k. b KOHCTpyicaHJix 
HcnoJit3yeTCH HeroMOJioiUHHaa HCKyccxBCHHaa nocjiej^OBaTejiBHOCXb ffHK. 

npe/lJio^eHHbiH cnoco6 ocymecxBJiHiox cjie^yiomHM o6pa30M: 

1. Bbi6Hpaiox ren, aKXHBHOcxb Koxoporo HesKenaxejibHa (x.e. ona npHBO^Hx k 
3a6ojieBaHHK) hhh napymaex 6HOxexHOJiorHHecKHH npoii;ecc); 

2. XHMHHecKH cHHxe3HpyK)x HCKyccxBCHHyio nocjieflosaxejibHocxb J^KK^ HMeiomyio 
sepKajibHoe ^epewBaHHe HyicjieoxHAOB no oxHonieHHio k Bbi6paHOMy reny hjih ero 
nacxH; 

3. FoxoB^x renexHHecKyio KOHcxpyKi^Hio, b KOxopoH Hcnojibsyiox pa3HOo6pa3Hbie 
BeKxopbi, co^^epacamne CHHxesHpoBaHHyio JSflK noji, nyacHbiM npoMOXopoM h ;ipyrHMH 

nOCJie^lOBaxeJIbHOCXHMH, Sa^HblMH JSjm 3(|)4)eKXHBHOH 3KcnpeccHH H jiJia. 

"npaBHJibHoro BnHCbisaHHK" KOHcxpyKii;HH b xpoMocoMHbie ^^OMenbi; 

4. KoHCxpyKDiHio xeM hjih hhmm nyxeM bboa^x b opraHH3M jiJi^ cHHxesa hrPHK in vivo 
(xpanct^opMai^HH), jih6o hkPHK CHHxesHpjrox in vitro na KOHCxpyKUHH h bboji^t b 

OpraHH3M C nOMOmbK) HKbCKItHH. 

H3o5peTeHHe no^cH^exc^ KOHKpexHbiMH npHMepaMH ocyniecxBJieHH5i cnocoGa 
HSMeneHH^ renexHHecKHX cbohcxb opraHH3Ma, b Koxopbix 3xh HSMeneHH^ npoHBJiflioxc^ 
KaK HSMeneRHji 4>eH0XHna, h HJiJiiocxpHpyexcjj 4 (J)HrypaMH. 

CfiezieHHfl, nojiTBep»^aK>mHe B03MoxcH0CTb 
ocyuiecTBJieHHsi moSpereHiifl 

npHBe^ieHHbie j^ajiee npHMcpbi hbjihioxoi npeOTOHXHxenbHbiMH, npe;?Ha3HaHeHbi 
jiHiUb jiJiH. no^ixBep^eHH^ bo3mo3Khocxh ocy^^ecxBJIeHH)I H3o6pexeHH5i h hc ^lOjmHbi 
cxaxb ocHOBaHHeM ajisl orpaHHHeHHH oO^eMa npHX)i3aHHH Samnxejui. Cneu;HajiHcx b 
jiaHHOH oGjiacxH xcxhhkh 6e3 xpy;iy nan^ex bo3M03khocxh hhbix BonjiomcHHH 
H3o6pexeHHM, Koxopbie 6e3ycjiOBHo noanaaaiox uojx iipHXH3aHHJi SajiBHxejiH, oxpa^KeHHbie 

B (|)0pMyJie H306pexeHHa, npHBOflHMOH HH^e. 
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IIpHMep 1. PHK-HHTep<J)epeHUH5i b KJiexKax Escherichia coli c noMombio 
MOJieKyji PHK, KOMnjieivieHTapHbix b napajiJiejiBHOM HanpasjieHUH mPHK rena Ion, 
CHHTe3HpoBaHHbix ill vivo. 

Ten Ion Bi>i6paH b KanecTBe Mo;iejiH, nocKOJitKy oh sbjisigtcsl o^hhm h3 
5 KfiiOHeBLix B peryjMaHH mhoihx npoueccoB b KnexKax E, coli, 

XHMHHecKH CHHTesHpoBana HCKyccTBCHHaa nocjie;iOBaTeiiBHOCTi> ^HK ajikhoh 95 
bp (bp - napa ocHOBaHHH b JJJAK hjih PHK), HMeiomaH sepKajibHo cHMMexpHHHyio 
nocjie^OBaTeJiBHOCTb nyKJieoxTOOB no OTHomeHHio k cooxBexcxByiomeH o6jiacxH rena Ion. 
3xa Z(HK HcnojibsoBana jijm coaaamiH KOHcxpyKiiHH na ochobc BCKxopa pUC12, b 
10 KoxopoH noA KOHxpojieM lac-npoMOxopa naxoOTxcK iient, SKcnpeccHpyioniaa rkPHK 
parlon (Onr. 1 a, 6). 

nojiyneHHaH KOHCxpyiaiHa c noMomtio xpaHC(J)opMamffl BBe^ena b KnexKH E, coli, 
3a BjiHHHHeM nxPHK parlon na aKXHBHocxB aimorcHHoro rena Ion CJIez^Hx 
no 34)4)eKxy nocjiCAHero na pa6oxy lux-peryjiona, BHecenHoro b kjicxkh E. coli h3 kjicxok 

15 Vibrio fischeri. Lon-npoxea3a HBJixexc^ HeraxHBHbiM peryjiaxopoM lux-perynona, t.k. ona 
cneqH(|)HHecKH z^erpaj^npyex 6eji0K LuxR. IlocjieOTHH b KOMnjieKce c aBXOHH^nyKxopoM 
aanycKaex chhxcs Gcjikob, oGecnenHBaiomHx JiioMHHeci^eHi^Hfo. ripoMOxopbi pr h pi b lux- 
peryjioHe paGoxaiox na pasHbix iien^x, renbi noKasaHbi CBexjibiMH np^iMoyrojibHUKaMH 
(Ohf. 1 b). Akxhbho paGoxaiomHH ren Ion BbisbiBaex penpeccHjo xpancKpHni^Hn lux- 

20 peryjiOHa, hto (J)eHOXHnHHecKH npoiiBJi^exoi b no^^aBJieHHH jnoMHHecixeHixnn. HanpoxHB, 
caHjicHCHHr rena Ion npHBO^^nx k yBejinnenHio KOHi^eHxpaaHH LuxR cjie^toBaxenbHo, k 
aKXHBai^HH xpancKpHnuHH lux-peryjiona, hxo npHBo;?HX k saMexHOMy ycHJicHHio cBenenHH 
KJiexoK. Lux-peryjiOH b cocxaBe 16 kb BamHI ^paxMenxa JJfiK Vibrio fischeri, 6hm 
BBejiCH B lon"^ KJiexKH E. coli K12 AB1157, a xaK^e b Ion' kjicxkh E. coli K12 AB1899 

25 (lonl). 

B nojiyqeHHbie lon"^ kjicxkh ;ionoiiHHxcjibHo noposHb bbo;^5x xaK^KC KOHcxpyKaHio, 
C03;iaHHyK) Ha ochobc BCKXopa pUC12, cnoco6Hyio SKcnpcccHpoBaxb hrPHK parlon hjih 
HCXOjiHyio njiasMH^ty pUC12, hc coj[^ep^amyio scxaBKH. CaHJicHCHHr rena Ion 

OnpCJICJIHIOX no BOSpaCXaHHIO CBCHCHH^ kjicxok. HhXCHCHBHOCXB JIIOMHHCCI^CHItHH KnexoK, 

30 aKcnpeccHpyiomHx hkPHK parlon Boapacxaex na hcckojibko hoph^kob no cpaBHCHHio c 
KOHxpoJicM, coj^ep^aniCM HCxoflHyx) njiasMHjiy pUC12 (Onr. 2). 

npH BbipamHBaHHH xpaHc4)opMaHxoB parlon na xBcpziHx cpeaax naGnionajiH 

pa3BHXHe "CJIHSHCXblx" KOJIOHHH, HXO XapaKTCpHO JUlfL lou 4)CHOXHna HJIH CaHJICHCHHra 
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rena Ion. 

npHMep 2. nojiyneHHe 4)eHOKon]iii Kruppel (Kr) npn HHi>eKi^HHx b 3M6pHOHbi 
;ipo3o4}HJii>i PHK, KOMnjieMenxapHOH mPHK b napajiJieJibHOM HanpaejieHHH, 
CHHTesHpoBaHHOH ill vitro. 

Kr - roMeoTHHecKHH ren, aKXHBHbm y^e b SHroxe h KOHxpojiHpyiomHH 
o6pa30BaHHe cexMenxoB na paHHeii 3M6pHOHajnbHOH cxa^iHH pasBHXHH ;^po30(|)HJibi BbiGpan 
B KanecxBe mo^cjih, nosBOJMiomeH Ha6jiK);iaTb paHHce pa3BHXHe b MHoroKJiexoHHOM 
opraHH3Me. Myxanxbi Kr HMeiox j^ejiei^HH npHJie^amHX xopaKanbHbix h nepeAHHx 
a6;ioMHHajibHbix cerMenxoB. OeHOXHnHMecKH 3xo saMexHO cpaay nocjie pasBHXM 
KyxHKyjibi H BbuiyiuiHBaHHa jiHHHHOK. MyxaHXbi Kr HMeiox ;?ejiei^HH xopaKajibHbix 
cerMCHxoB h ox o;3;Horo ;i;o hcckojibkhx aSAOMHHaribHbix cexMenxoB, a HH0^;^a xaKxce 
axonHHecKH paasHBinHecji ^bixajibiia b nepe^iHen ^acxH xejia jihhhhkh [E. Weischaus, C. 
Nusslein-Volhard, H. Kluding, Development, 1984, vol. 104, p. 172]. TaicHM oGpasoM, 
MyxanxM Kruppel hmciox yHHKajibHbrii 4>eH0XHn, npoHBJiaiomHHca y^e ^epea cyxKH 

pa3BHXHJI 3M6pHOHOB AP0304)HJIbI, HXO y;io6HO JXJIH HSyqeHHH BJIIMHHa PHK Ha 4)eHOXHn. 

^onojiHHxejibHMM apryMenxoM c nojibsy Bbi6opa AaHHofi MOjx^jm 6biJio xo 
o6cxoaxejibcxBO, hxo BJiHSHHe HHbeKii;HH anxHCMMCJioBOH PHK Kr 6biJio npoBe^^eno panee 
[U.B. Rosenberg, A. Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 
703]. 

XHMHHecKH CHHxesHpyiox HCKyccxBCHHyio nocnejiOBaxejibHocxb ZIHK zuihhoh 160 
bp, HMeiomyK) CHMMexpHHHyio nocjie;ioBaxenbHOCxb nyKJieoxHjioB no o6jiacxH rena Kr 
{<S>VLT. 3 a, 6). Cjiejiyex nojiHepKHyxb, hto aHxiicMbicjioBbie PHK cHHxesnpyiox na 
HesHaHameM nenn xoro caMoro rena, xoraa KaK hkPHK mo^ct 6bixb cHHxeanpoBaHa 
xojibKO Ha rexepojiOFHHHOH nocjie^iOBaxejibHocxH ^tHK, HMeiomeii sepKajibHO- 
CHMMexpHHHoe HepezioBaHHC. 

CHHxesHpoBaHHyio JJHK Hcnojib3yK)x msi nojiyneHHH KOHCxpyKitHH b BeKxope 
pGEM-1, no3BOJiHK)mHM c npOMOXopa PHK nojiHMepa3bi T7 BecxH chhxcs hkPHK. 
hkPHK GbiJia Ha3BaHa Kr-par, x.k. ona KOMnjieMenxapHa mPHK rena Kr b napajinejibHOM 
HanpaBJieHHH. 

3M6pH0Hbi jihhhh Oregon RC HHbei^npyiox npenapaxaMH hkPHK b o6jiacxb 
njia3Mbi 3a/qaero nojiioca na cxa^H CHHitHXH^ h KHKySnpyiox nojx bo^oh npH 25^C b 
xencHHe 18-24 ^acoB. 3axeM foxobot npenapaxbi KyxHKyjibi h Ha6jiK)^iaiox pa3BHXHe 

CerMeHXOB nHHHHOK liOJX 4)a3OB0-KOHXpaCXHbIM MHKpOCKOnOM. 
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OGnapy^eHO pasBHXHe jihhhhok HMeiomnx xapaKTepHLiH Kr-4)eH0THn. B 

KOHXpOJIbHMX 3KCnepHMeHTaX, nOCJie HHLeKUHH PHK, CHHTe3HpOBaHHOH Ha 

npoTHBonojio^HOH i^enH toh KOHcxpyKqHH c noMombio SP6 PHK nojiHMepasbi, 

Ha6jIK)^aiOT TOJIbKO pa3BHTHe HOpMaJIbHblX JIHHHHOK. 

5 ^>Hr. 4 npeACTaBJiHCT HopManbHyio JiHHHHKy (a), a xaic^e ji,bq jihhhhkh, 

nojiyneHKbie nocjie HHbeicqHH npenapaxa Kr-par (6, b). FIocjieOTHe hmciot j^qjiqixhu 
TopaKajibHbix cerMCHTOB h o;^HO^o hjih xpex 6piomHbix cerMeHXOB h aKxonHHCCKH 
pasBHxoe ;?bixajibue b nepeAHefi nacxH xejia jihhhhkh, hxo xapaKxepno aji^ ^enoTum Kr. 
Hacxoxa no^iBJieHiui (|)eHOKonHH Kr nocjie HHbeKiiiHH PHK Kr-par npHMepno 
10 cooxBexcxsyex xaKOBoii nocjie HHbeKUHH cooxBexcxsyiomeH acPHK [U.B. Rosenberg, A. 
Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 703]. IloKasaHO, hxo b 
MHoroKuexoHHOM opraHH3Me, BOS^eHCXBy^i hrPHK na SKcnpeccHio KJiioHeBoro rena 
^H(|)^epeHi^HpoBKH, nojiyqaiox HanpasneHHoe HSMcneHHe renexHiiecKHX cbohcxb 
opraHH3Ma. 

15 TaKHM o6pa30M, o6Hapy»ceHO BJiiMHHe sepKanbHbix HHsepcHH HyicjieoxHOTbix 

nocne^OBaxejibHocxcH, xeM hjih hhmm nyxeM BsejieHHMx b opraHH3M, na ero (|)eHOXHn. 
OcHOBHoe npeHMymecxBo npejiJiaraeMoro cnoco6a cocxohx b xom, hxo sepKanbHbie 
nocjiewBaxeJibHOCXH cnoco6Hbi o6ecneHHXb CHHxe3 nxPHK h PHK-HHxep^epeHUHio, ho, 
6yjxyHU rexeponoFHHHbiMH nocjiejiOBaxejibHocx^MH, He Moryx CHHxe3HpoBaxb 

20 cooxBexcxByiomyio mPHK. IIoaxoMy npn Hcn0Jib3OBaHHH 3Xoro noflxo^a 
("^aJIHH^^poMHbm nonxojx"), b oxjiHHHe ox xpaj^HnHOHHoro cnoco5a, Hcnojibsyemero 
acPHK ("anxHCMbicjiOBOH nojxxojf'X ne Mo^ex npoHsoHXH peBepcH^i h Hanaxbcji cHHxes 
iiienH mPHK. 

H3o6pexeHHeM npe^o^eH o6mim noj^xo;i k HSMCHeHmo reHcxHHecKHx cbohcxb 
25 opraHH3Ma, ocHOBaHHbiii na 5HOJiorHHecKHX cBOHCXBax sepKajibHbix HHBepcHH 
HyKJieoxHOTBix nocjie^^oBaxejibHOCxeii h peajiHsyiomnfic^ b PHK-HHxep^epenaHH, 
npHBo;i5imeH k reH-cneiiH4)HHecK0My caHjiencHHry. ITpeOTaraeMbrB cnoco6, ocHOBaHHbm 

Ha o6Hapy^eHHOH BMCOKOH H H36HpaxeJIbHOH 6HOJIOrHHeCKOH aKXHBHOCXH xpaHCKpHnxoB 

c 3epKajibHbix HHBepcHH HyKJieoxHzmbix nocjiejioBaxenbHocxeH, npHBO^^Hx k H3MeHeHHH) 
30 4*^HOXHna h Mo^ex 6bixb HcnojibsoBaH jisisi i^ejiefi renoxepanHH b Me;iHi|HHe, a xaicace b 
cenbCKOM xo3HHCXBe h b npOMbinuieHHOH 6HOxexHOJiorHH jisi^ reH-cneii;H(^HHecKoro 
caiiJieHCHHra xex fchob, 3KcnpecciDi Koxopbix cnocoGcxByex pa3BHxmo xex hhh hhbix 
3a6oneBaHHH hjih Hapyinaex npoii;ecc napaGoxKH Heo6xo;iHMoro npo;^yKxa. 
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OOPMYJIA H30BPETEHIM 



Cnoco6 n3MeHeHH^ reaeTHHecKHx cbohctb opraHH3Ma nyreM PHK- 
HHTep(J)epeHi^HH, npHBO^^imeH k reH-cneuH(|)HHecKOMy caHJiencHHry BbiGpaHHoro rena c 
5 noMombK) MOJieKyji PHK, cHHTesHpoBaHHbix in vitro, oxjiHHaiomHHCH tcm, hto 
Hcnojib3yK)T MOJiCKyjibi PHK, KOMnjieMeHxapHbie b napajinejibHOM nanpaBJiemiH (hrPHK) 
mPHK Bbi6paHHoro rena, npH 3T0M ukPHK cHHxesHpyiOT in vivo hjih in vitro na 
HCKyccTBeHHOH nocjicjiOBaTejibHOCTH JJfiK, HMeiomeft sepKajibHO-CHMMexpH^yK) 
nocJie^joBaxejibHOCTb HyKJieoTHflOB (3epKajiLHaH HHsepcM) no oxHonieHHio k 
10 ^ocJIe;^oBaxeJIbHocxH HyicjieoximoB rena. 
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ocb oAMMenpm 



MCKyccTBeHHa« nocnefloaaTenbHOCTb 

^ 5'ACAGT...TAC...ACGCG 3* 
3'TGTCA..ArG...TGCGC 5' 



neH 

5'...GCGCA...CAT...TGAGA... 3' 
3'...CGCGT...GTA...ACTGT... 5' + 




parion, 95 bp 
ACAGU...UAG...ACGCG 



M PHK, 2.4 kb 



5' 



UGUCA...AUG...UGCGC 



if 3' 
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OCb CMMMerpUM 



MCKyccTBeHHan nocneAOBarenbHoorb 

+ 5'TTTTA...TAC...AGTCG 3' 
3'AAAAT...ATG...TCAGC 5" 



reH 



5'...GCTGA...CAT...ATTTT... 3' 
3'...CGACT...GTA...TAAAA... 5' + 




Kr-par, 160 bp 
C)UUUA...UAC...AGUCG 



M PHK, 2.5 kb 



5' 



AAAAT...AUG...TCAGC 
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